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D i /_neNo,i_,e__ Exhaust Noise:

I Inlet Sources:

Turbine

Combustor

Compressor
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D
Acoustic Waves

Tip Bounda@' Layer

Rotor-Stator Interaction Noise

I
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D i ies

"Sliding" Interface I
I "Swirling" Outflow/Inflow I

Axial Fliow I Axial Flow I Axial Flow I

I I
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D of thie

o:*Coupled Blade Row Strateg,y (Navier-Stokes)

> BladeNane Ratio Problem (Multiple-Passage Domains)
Information Transfer Across the Sliding Interface

> Turbulence Modeling!
> Grid Issues (Structured v, Unstructured, Topology, Resolution)

Time Accuracy

o:oSi,ng!e Blade Row Strategy (N-S for Rotor, Eu!er for Stator)

Swirling Inflow/Outflow Type Non-Reflecting Bounda_ Condi,tions
!terative Blade-Row Coupling ?
Grid, Issues

Time Accuracy / Frequency Resolution

°,,,,Stringent Computat:!ona! Accuracy
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D, L,!iNF_LUXTone Noise

Wind, Tun,nel Test: Data
> Realistic Configurations
> Flow and Acoustic Data

SDT Fan ADP Fan 1
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SDT Cut-Off Stator (54-Vanes) SDT Cut-On Stator (26-Vanes)

AFT Tone Power Levels: Predictions (Black), Data (Red)

11'3 _'4 (,4,0) 124 _27
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u,ration, OGV (Straight)

D_ Synopsis:
° Converged, TURBO and L!NFLUX Solutions (Poor Quality Meanflow, "Separated" at the Hub)

° Mixed Noise Reduction Benefits Predicted at 2xBPF (w.r.t, Radial SPLs & PWLs)

Black: Radial OGV (Theory).,
Blue: Straight Lean OGV (Theory)
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uration OGV ite)
/

Synopsis
• Converged TURBO and LINFLUX Solutions (Meanflow Solution Could be Improved Fudher)

° Sizable Noise Reduction Benefits Predicted at 2xBPF (w.r.t. Radiali SPLs & PWLs)

Black: Radial OGV (Theory)
Blue: Composite Lean (Theo_)
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Mod e

• Highly Converged TURBO and L!NFLUX Solutions
° Excellent Data-Theory Comparisons

Predictions (Black), Data (Red)

122 122

_.9,!_ 12! _2__

_.9,2) !19 _9

_.9,3_ 1!1 #_e
Total 126 _2e
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Upstream of OGV Mode, r.m,s,

Mid-Chord

Downstream of OGV
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nc!u !il &!

_3Need a robust mean flow solution for reliable LINFLUX results.

o !nviscid mean flow calcu_lations are problematic for unconventional
geometries.

E3Do linearized Navier-Stokes methods offer any advantages? '

c3If so, can one do "selective" !inearization?
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rn ng ua Si

O The code iS

eq

ned to solve the
in,,2D or 3D,

Eu!er or

O In

either a D.NS solver (no tu

re,ode, the code is designed to be

Sma

model), or an,,unsteady _RANS solver
turbulence ).
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SO!U ure

O Thie cod e

DRP,
lim

uses fin to

_, , i i' 6 th(explicit 2 nd order, expl _,,c_,,_:
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the s

order,.

pact 6th...._,order are

O The code
m i,,zedRunopti "

order ,

,n t_me, us.,,ngian,,
In future,, a fou_:h-
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O The code
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currently uses 1 0 th
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nt

O In previous work with,
the ben,ch

iJoukowski a_ffoil was

an earlier version, of this, code,

of th,e gust response of a
solved.

O This test

capture the

the gust

evaluated the abiliity of the code to,
of chang,,i...._n,,gthe airfoil y_,

_, and the gust: reduced frequency._
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Closeup of Cambered Airfoil Grid

V velocity

k=l.0
1D gust

Perturbation Pressure

In this benchmark CAA problem,
the effects of wall geometry,
gust geometry, curvilinear grids,
and farfield boundary conditions
are tested.

k=l.0
2D gust
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Symmetric

1-D Gusl, k = 1.0

°==i \

2-D Gust, k = 1.0

Cambered
Airfoil

n.ln I

GUST3D Results
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Symmetric

lmD Gusi, k = 0.1 1-D Gusl, k = 1.0 2-D Gust, k = 0.1 2-D Gust, k = 1.0

Cambered
Airfoil

: : : : • . • : • . •

\d
\....J

GUST3D Results
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Mean Pressure on Airfoil

Pressure Perturbation in Far Field

Log Pressure Perturbation Conlours

0.10

O.OB

R=I R=3

R=2 R=4
0.00

0.0

GUST3D Resulls

RMS Pressure Perturbation on Airfoil
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Dr. Rodger W,
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rk P

• Gust- i

O

i i Ili iPeriod c!y Requires 27 e_s 54v)

has a

- ix, 2x & 3xBPF

- Amplitudes ~ 9%, 0.9% & 0.2% of the Mean Velocity

- Minimum Waveleng, th is on order of 3/11 of the Chord

O Accuiracy iUi ~t% at 3xBPF

Need 6thOrder Accuiracy in Space & Time
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O_

Code

, Grid

Dr. R. Dyson, Team Coord

Dr, E, Enviia,

ner

I1: iConditions
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i li im nary ults
0_ The grid used by the code for th s

igrid s ngularity u of the

has a

• Initial i_ iare prom s_ng for this case.

Grid

......._!_!_!_!_!_!_!_!!!!!!!!!!!!!!!!!!!!!!!!iiii_

Mean Pressure
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-High and y

1 Ch,a_!len,

- Need High i in and Time

Bouind ary Cond itions (S &

vs. Cu_ilinear)
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Why Arbitrarily High- Order?
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i:stent Bo,unda d

O_ ng waves:

p(x, y, t + _t) - p(x, y, t) l

in tim,e:

8p(x,y,t)At__8_p(x,y,t) _
G_ G_ 2 2!

i go •

• Requires high
Q_ will get

time

ISS!

c_p c_p ( c_u c_v
c_p = _ u _ v _ /t)
c_t c_x c_y c_x c_y

',nTime- in
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m
!y:

O es

• No metrics

• No singularities

• Easy grid generation

• Efficiency (few boundary pts)

Q: es

• Surface interpolation algorithm

• Resoliving curvature

• Adaptive resolution with h and p refinement
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m .....Cumili................ i n r Grid

Q_ ies,

• Easy interpolation

• Curvature more easily resolved

• Centered boundary stencils with ghost

O,

0 525 _05 0_75

n_9L:_h-o rde r met ric derivd'__ti_vu.._ xC tin0 mPU g Very

• !st order grid singularities

• High order boundary condiitions are: more complex
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Computational AeroAcoustics for

Fan Noise Prediction

Ed Envia Ray HLxon Rodger Dyson

NASA GRC University of Toledo NASA GRC

An overview of the current state-of-the-art in computational aeroacousdcs as applied to fan

noise prediction at NASA Glenn is presented. Results from recent modeling efforts using three-

dimensional inviscid formulations in both frequency and time domains are summarized. In

particular, the application of a frequency-domain method, called LINFLUX, to the computation of
rotor-stator interaction tone noise is reviewed and the influence of the background inviscid flow on

the acoustic results is analyzed. It has been shown that the noise levels are very sensitive to the

gradients of the mean flow Imar the surface and that the correct computation of these gradients for

highly loaded airfoils is especially problematic using an inviscid formulation. The ongoing

development of a fimte-difference time-marching code that is based on a 6%order compact scheme
is also reviewed. Prelimmar,_ results from the nonlinear computation of a gust-airfoil interaction

model problem demonstrate the fidelit T and accuracy of this approach. Spatial and temporal features
of the code as well as its multi-block nature are discusscd. Finally, latest results from an ongoing

effort in the area of arbitrarily high-order methods are reviewed and technical challenges associated

with maplementing correct high-order boundary condition,'; are discussed and possible strategies for

addressing these challenges are outlined.


